INTRODUCTION {#sec1-1}
============

Endodontically treated teeth are generally weakened as a result of loss of tooth structure due to decay, previous restorative procedures and endodontic access preparation. Further destruction of these teeth can be prevented by a protective restoration. Post and core system is a widely used method for treatment of structurally weakened teeth. The primary objective of post and core procedure is replacement of the lost tooth structure in order to facilitate crown support and retention.\[[@ref1]\]

Certain factors become important in the success of posts, such as remaining coronal tooth structure, choice of material, properties of materials like modulus of elasticity, stress distribution, etc. On stress measurement and analysis, a wide range of methods are available, namely the strain gauge method, the loading test, the photoelastic method and the finite element method.\[[@ref2]\] Using these methods, several studies on fracture strength and fracture pattern within the tooth structure have been conducted.\[[@ref3]\] These techniques are homologous, two-dimensional, and difficult to reproduce.\[[@ref4]\] A valid index of stress distribution at the root structures has been difficult to create based solely on experimental and clinical observation.\[[@ref5]\] Only a few studies have focused on the influence of post diameter on the stress distribution in the remaining radicular tooth structure. The purpose of this study was to compare stress distribution in a tooth restored with metal and fiber posts of varying diameters by means of three-dimensional finite element analysis (FEA).

MATERIALS AND METHODS {#sec1-2}
=====================

A freshly extracted, caries-free maxillary central incisor with straight root canal was randomly collected. The tooth was placed in a block of wax. A CT scan of the tooth was taken and axial sections at a distance of 1mm from each other were obtained.

The image obtained from the CT scan was imported into AutoCAD software (Autodesk, Inc., California, USA) and outline of each individual layer was traced. The layers were then stacked one on top of the other to obtain outlines of the surface contours of the tooth and a digital model was obtained using Pro/Engineer software (Parametric Technology Corporation, USA). The periodontal ligament was modeled as a layer 0.3 mm thick around the root surface.\[[@ref6]\] Finally bone was modeled around the tooth.

Two different types of posts were compared in this study. They were metal post made of gold and glass fiber post. Post length inside canal and apical gutta percha were assumed to be 9 mm and 5 mm, respectively. Two configurations of post diameter were compared-1.2 mm (gold and fiber post) and 1.4 mm (gold and fiber post). The model was then altered to accommodate 2 gold posts (1.2 mm and 1.4 mm diameters) and 2 fiber posts (1.2 mm and 1.4 mm diameters), core, apical 5 mm of gutta percha and all ceramic crown and 4 models were obtained.

The digital tooth models with post, core and crown were imported to Hypermesh software (Altair Engineering, Michigan, USA). The models of the surface contours of the tooth were converted into solid models \[[Figure 1](#F1){ref-type="fig"}\]. These models were then meshed \[[Figure 1](#F1){ref-type="fig"}\] using tetrahedral elements with Hypermesh software as a neutral file using the STL (stereo lithography) format. All materials were assumed to be homogenous, isotropic, and linear elastic.

![Solid virtual model of maxillary central incisor and meshed assembly](JCD-18-100-g001){#F1}

The cement layer between the post and the dentin was too thin to adequately model in the finite element simulation, but the cement was treated as part of dentin because the mechanical properties of dentin and cement were similar. No significant error was expected from omission of the cement layer in the model.\[[@ref7]\]

Nodes were assigned and elements were designed for stress analysis. Due to the complicated geometry of the tooth, free meshing technique was adopted. The completed models consisted of 62,138 three-dimensional tetrahedral elements and 17,189 nodes for models with 1.2 mm posts and 58,525 three-dimensional tetrahedral elements and 16,451 nodes for models with 1.4 mm posts.

The completed models were then converted into an Ansys input file and imported into Ansys software (Ansys, Inc., Pennsylvania, USA). Material properties were prescribed to each of the components as tabulated in [Table 1](#T1){ref-type="table"}.

###### 

Mechanical properties of materials in finite element analysis model\[[@ref3]\]

![](JCD-18-100-g002)

Boundary conditions and loading {#sec2-1}
-------------------------------

Nodes have a tendency to move in different directions and also can rotate based on the direction of the load applied. On loading, the shape gets changed which is called as deformation and there will be no stress accumulation. Hence, to get the stresses model need to be fixed. The bottom portion of the cortical bone was fixed and a load of 100 N was applied on the ceramic crown at 45° angle to the long axis of the tooth onto the palatal surface incisal to the cingulum.

The maximum stresses generated in the tooth and post were calculated as von Mises stress.

RESULTS {#sec1-3}
=======

Results are shown in terms of colored contour patterns. Red indicates the highest range and dark blue the least.

Maximum stress (15.37 MPa for 1.2 mm fiber post and 15.33 MPa for 1.4 mm fiber post) in the remaining radicular tooth structure for fiber post and core models were observed on the inner side of the proximal wall at the level of the cervical region irrespective of post diameter \[Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\]. As for the metal post and core models, maximum stress (15.018 MPa for 1.2 mm metal post and 14.925 MPa for 1.4 mm metal post) was observed on the inner side around the post apex irrespective of post diameter \[Figure [2c](#F2){ref-type="fig"} and [d](#F2){ref-type="fig"}\]. The fiber post and core models showed larger maximum von Mises stress values occurring in the remaining radicular tooth structure than that of the metal post and core, and the maximum stress was slightly reduced with an increase in fiber post diameter \[[Graph 1](#F3){ref-type="fig"}\].

![Distribution of von Mises stresses in the remaining radicular tooth structure with (a) 1.2 mm fiber post, (b) 1.4 mm fiber post, (c) 1.2 mm metal post, (d) 1.4 mm metal post, Distribution of von Mises stresses in the internal area of posts (e) 1.2 mm fiber post, (f) 1.4 mm fiber post, (g) 1.2 mm metal post, (h) 1.4 mm metal post](JCD-18-100-g003){#F2}

![Maximum von Mises stresses occurring in the remaining radicular tooth structure](JCD-18-100-g004){#F3}

For the fiber post and core models, stress concentration (8.813MPa for 1.2 mm fiber post and 8.878 MPa for 1.4 mm fiber post) in the post region was observed at the junction between the fiber post and the core \[Figure [2e](#F2){ref-type="fig"} and [f](#F2){ref-type="fig"}\]. For the metal post and core, stress concentration was observed at the outer layer of the post \[Figure [2g](#F2){ref-type="fig"} and [h](#F2){ref-type="fig"}\]. In the fiber post and core models, the maximum von Mises stress in the fiber post slightly increased with an increase in fiber post diameter \[[Graph 2](#F3){ref-type="fig"}\].

![Maximum von Mises stresses occurring in the internal area of the post](JCD-18-100-g005){#F4}

DISCUSSION {#sec1-4}
==========

Various methods are available on stress measurement and analysis, namely the strain gauge method, the loading test, the photoelastic method and the finite element method.\[[@ref2]\]

The finite element method (FEM) is an innovative theoretic method used for resolving unworkable engineering problems.\[[@ref4]\] FEM was first developed in 1943 by A. Hrennikoff and Richard Courant to solve complex elasticity and structural analysis problems in civil and aeronautical engineering. Davy and co-workers applied FEM to the study of post and core restorations.\[[@ref8]\] FEA is an accurate numerical method in stress analysis and has been applied to dental biomechanics.\[[@ref7]\]

Young\'s modulus of elasticity and Poisson\'s ratio of the modeled material are specified for each element. A system of simultaneous equations is generated and solved to yield predictable stress distributions in each element throughout a structure. The variables may be manipulated with computer precision, which eliminates variation resulting from sampling error. FEM analysis repeated any number of times will yield identical results 100% of the time. Thus it is certain that the results are always caused by manipulation of the variables and not by chance. For this reason, conventional inferential statistical analysis is not normally included in FEA.\[[@ref4]\]

Stresses are produced as a result of mastication forces imposed on a structure. The distribution or pattern of these stresses is the result of the angle of the load and the geometry of the object. In addition, notches or imperfections present within the material may cause localized increase in the magnitude of the stresses, known as stress concentrations. These stress concentrations can contribute to the failure of the material through crack formation and an increased likelihood of fatigue failure.\[[@ref9]\]

Using FEA, the stress generated can be analyzed accurately by assessing the stress concentration areas. In addition, FEA allows the investigation of a single variable in a complex structure. This means that FEA is less time-consuming as no time is wasted on standardization issues or on preparing multiple specimens as in mechanical tests. Because of these advantages, this method has been used to investigate the mechanical behavior of endodontically treated teeth subjected to different techniques and restorative materials.\[[@ref10][@ref11][@ref12]\] At this point, a few limitations need to be addressed regarding the present study. The structures and materials used in this study were considered to be linear elastic, homogeneous, and isotropic. This meant that the computational simulation was not absolutely same as that of natural tooth structure and supporting tissues. The elastic modulus and Poisson\'s ratio values applied for the structures and materials in this study were used as thus determined from study published earlier.\[[@ref3]\] Static load was applied in this study. Root fractures generally occur due to dynamic loading, which may then result in a fatigue process as in clinical conditions which are different from static loading.\[[@ref2]\]

Very few studies have investigated on the effect of post diameter on stress distribution in a tooth.\[[@ref3]\] Therefore, this *in-vitro* study was undertaken to compare stress distribution in a tooth restored with metal and fiber posts of varying diameters (1.2 and 1.4 mm) by means of three-dimensional FEA (3D-FEA).

FEA shows that maximum stresses in the tooth structure for fiber post and core are higher than that for gold-cast post and core. Stresses in the tooth structure are slightly reduced with increase in fiber post diameter.\[[@ref8][@ref13]\] So to reduce stress in the remaining radicular tooth with a large coronal defect, it is recommended to accompany a composite resin core with a fiber post of a large diameter within clinical limits.\[[@ref3][@ref14]\] Increase in fiber post diameter leads to an increase in surface area of the post, which in turn might aid in reducing stress development in the remaining radicular tooth structure by stress dispersion.

Glass fiber post shows the lowest peak stresses inside the root. Except for the force concentration at the cervical margin, the glass fiber post induces a stress field quite similar to that of the natural tooth.\[[@ref15]\] With fiber post and core, the elastic modulus is similar to that of root dentin. Hence, their flexural property leads to stress concentration on the inner side of the proximal wall at the level of the cervix. This suggests that the elastic modulus influence maximum stress development in the remaining radicular tooth structure.

Cast metal post causes a large stress to concentrate around the base of the post while glass fiber post produces the lowest stress concentration and is hence effective in preventing stress concentration in the restored endodontically treated teeth.\[[@ref2]\]

FEA shows that stress on the fiber post is distributed more evenly in the post tip area, whereas for metal post high stress is concentrated around the post tip.\[[@ref9][@ref16][@ref17]\] This was because the metal post with a high elastic modulus is more rigid and reduces the strain on dentin, resulting in stress distribution to the apical third of root canal and into the post leading to fracture of root.

Another FEA reports that stress is accumulated within the cast post core system and transmission of stress to the tooth and the supportive structures is low. The fiber post system transfers stress to the tooth and the supportive structures while stress accumulation within post system is low.\[[@ref18]\]

Fiber posts show more homogenous stress distribution and a better biomechanical performance than metallic posts since stiffness of fiber post is similar to dentin.\[[@ref1][@ref5][@ref19][@ref20]\]

FEA reports that stainless steel posts present the highest level of stress concentration followed by carbon fiber posts.\[[@ref10][@ref21]\] Steel posts are most dangerous to the root, potentially leading to its fracture, whereas glass reconstruction system gives most benign stressing condition.\[[@ref11]\] Fiber posts failed at a certain compressive force but they were repairable unlike the cast posts where the fracture is irreparable.\[[@ref22]\]

Results of this study coincide with that of the above-mentioned studies. However, further studies are required to evaluate the effect of post diameter on stress distribution in a tooth.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, it has been concluded that:

The maximum von Mises stress in the remaining radicular tooth structure for the fiber post was higher than that for metal post and core. However, it became slightly reduced with the increase in fiber post diameter. Hence to reduce stress in the remaining radicular tooth structure, it is better to use a fiber post of a large diameter within clinical limits.The location of maximum stress development in the remaining radicular tooth structure was on the inner side of the proximal wall at the level of cervical region for the fiber post. For the metal post and core, it was on the inner side around the post apex. Hence fracture is induced at the cervical region of tooth restored with fiber post and composite core allowing the repair, whereas vertical root fracture is induced in tooth restored with metal post making the tooth irreparable.
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